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Organometallic dinuclear complexes having a triplet ground 
state are very rare.1 With respect to the complexes containing 
a metal—metal bond, there are only two isolated examples 
having a triplet ground state, i.e., (77S-CsMeS^Fe2(M-CO)3

2 and 
(775-C5Me5)NiMCa-CO)3(?75-C5H5) (M = Mo, W).3 The triplet 
state of these complexes apparently originates in the high 
symmetry of their MM'(a-CO)3 cores, forming a two-fold 
degenerate HOMO.2 The candidates for triplet dinuclear 
complexes with highly symmetric structures, however, are 
seriously limited. We report here the synthesis and structures 
of remarkably stable silylene-bridged dinuclear complexes 
having a triplet ground state, Cp2Fe2(«-CO)2(/<-SiR2), which 
possess no degenerate molecular orbitals. 

Irradiation of a pentane solution of CpFe(CO^Me in the 
presence of sterically congested diarylsilanes R2SiH2 (la, R = 
2,4,6-C6H2

1Pr3;
4 lb, R = 2,6-C6H3Et2;

4 and Ic, R = mesityl5) 
at 5—10 0C for 2.3—3 h afforded silylene-bridged diiron 
complexes Cp2Fe2(w-CO)2(w-SiR2) (2a—c) in moderate yields 
(eq I).6 A main byproduct was Cp2Fe2(CO)4. 
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In an analogous fashion, the photolysis of CpFe(CO^SiMe3 
in the presence of la produced 2a in 21% yield, whereas the 
photolysis in the presence of lb,c did not give an isolable 
quantity of 2b,c. In these cases, a substantial amount of CpFe-
(CO)2SiR2H (3a, R = 2,4,6-C6H2

1Pr3, 3.9%; 3b, R = 2,6-C6H3-
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(6) A typical experimental procedure is described for the photolysis of 

CpFe(CO)2Me in the presence of la. A solution of CpFe(CO)2Me (1.08 
g, 5.65 mmol) and la (1.17 g, 2.67 mmol) in pentane (200 mL) was 
irradiated under nitrogen with a 450 W medium-pressure Hg lamp through 
a Pyrex glass at 5—10 0C for 2.3 h. After removal of volatiles, the residual 
violet solid was subjected to a silica gel flash column and eluted with hexane/ 
toluene (12/7). A violet band was collected, and after removal of the solvent, 
recrystallization from toluene/hexane afforded 2a (1.00 g, 1.36 mmol, 51%) 
as violet crystals. In a similar manner, 2b,c were obtained as violet crystals 
in 41% and 22% yields, respectively. 2a: 1H NMR (C6D6, 300 MHz) 6 
-3.89 (Wy2 = 326 Hz), -1.37 (Wy2 = 85 Hz), -0.28 (Wy2 = 35 Hz), 
1.33 (Wy2 = 16 Hz), 1.77 (sh), 1.94 (Wy2 = 46 Hz), 4.63 (Wy2 = 33 Hz), 
4.78 (sh), 9.09 (Wy2 = 37 Hz); IR (KBr) vCo 1822, 1792 cm"1; MS (FAB, 
m-nitrobenzyl alcohol matrix, Xe) m/z 733 (56, M+ + 1), 704 (100, M+ -
CO), 676 (8, M+ - 2CO), 555 (89, M+ - 2CO - Fe - Cp). Anal. Calcd 
for C42H56Fe2O2Si: C, 68.85; H, 7.70. Found: C, 68.82; H, 7.63. 
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Figure 1. ORTEP diagram of Cp2Fe2(u-CO)2{ -̂Si(2,4,6-C6H2
iPr3)2} 

(2a). Important bond distances (A) and angles (deg): Fe-Fe' 2.303-
(2), Fe-Si 2.351(3), Fe-C(6) 2.032(9), Si-C(7) 1.927(7), C(6)-0 
1.173(10), Fe-Si-Fe' 58.7(1), Fe-C(6)-Fe' 73.0(3), C(7)-Si-C(7)' 
104.6(3), C(6)-Fe-C(6)' 90.4(4). 

Et2,22%; and 3c, R = mesityl, 26%) was formed, together with 
small amounts of Cp2Fe2(CO)4 and fran,y-CpFe(CO)(SiMe3)2H.7 

The 1H and 13C NMR signals of 2a-c exhibit the charac
teristic paramagnetic shifts and line broadening. The 29Si NMR 
signals could not be detected, probably because they were too 
broadened. The IR spectrum of each of 2a—c shows two vco 
bands in the bridging carbonyl region (1822—1809 and 1792— 
1774 cm-'). 

The structure of 2a was further confirmed by an X-ray crystal 
structure determination (Figure I).8 The relative orientation of 
the Cp rings (dihedral angle, 11.9°) is distorted away from 
parallel by the presence of a bulky silylene bridging group. A 
larger distortion due to the bulkiness of triisopropylphenyl 
groups exists about the silicon atom: the dihedral angle between 
Fe-Si-Fe' and C7-Si-C7' (64.4°) seriously deviates from 90°. 
The Fe-Fe distance (2.303(3) A) is significantly shorter than 
those of other (M-silylene)(«-carbonyl)diiron complexes (2.6— 
2.7 A),9 as well as usual Fe-Fe single bond distances (2.5— 
2.7 A),10 and is comparable to the Fe-Fe distances of the triplet 
complex (77S-C5Me5̂ Fe2(M-CO)3 (2.265(4) A)2 and the singlet 
complex with a formal Fe-Fe double bond, Cp2Fe2(a-NO)2 
(2.326(4) A)." The Fe-Si bond distance (2.351(3) A) is longer 
than those of other («-silylene)(a-carbonyl)diiron complexes 
(2.27-2.30 A).9 
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collected on a Rigaku AFC-6A diffractometer with graphite-monochromated 
Mo Ka radiation (X = 0.710 73 A) at 20 0C. Reflections (3834) with 3° 
< 28 < 50° were collected by the a - 26 scan technique. The structure 
was solved by the block diagonal least-squares method using individual 
anisotropic thermal parameters for non-hydrogen atoms. The positions of 
hydrogen atoms were found from difference-Fourier synthesis maps, but 
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1a-4a: R = 2,4,6-C6H2'Pr3, 1b-4b: R = 2,6-C6H3Et2, 
1c-4c: R = 2,4,6-C6H2Me3 (mesltyl) 

The magnetic susceptibility of 2a has been determined in the 
solid state on a SQUID magnetometer. The effective magnetic 
moment after the diamagnetic correction (weff) is nearly constant 
within 2.8-2.9 pB from 300 to 10 K, which agrees well with 
the value expected for the spin-only moment for a two-spin 
system (2.83 ^B)- Below 10 K, the magnetic moment sharply 
declines toward zero, apparently due to the intermolecular 
antiferromagnetic interaction. This behavior is somewhat 
different from those of (7/5-C5Me5)2Fe2(M-CO)32 and (^-CsMes)-
NiW(CO)3(/i5-C5H5),3 for which the ^eff values have been 
reported to decline below higher temperatures, 50 and 175 K, 
respectively. Since the symmetry of 2a (Ci) requires it to 
possess only nondegenerate MOs, the energy splitting between 
the HOMO and the next HOMO of 2a should be smaller than 
the electron pairing energy to let them be both half-filled. A 
preliminary EHMO calculation for the model compound Cp2-
Fe2C"-CO)2(w-SiPh2) supports this conclusion, giving the HOMO 
and next HOMO that lie close to each other in energy (AE = 
0.4 eV). These orbitals are both constructed from the Fe-Fe 
Jt* orbital plus the ;r-type orbitals of a triangular (CO)2SiPli2 
fragment, and the nature of these orbitals is closely akin to that 
of the two-fold degenerate HOMO of (^-C5Hs)2Fe2(M-CO)3.

2 

Scheme 1 shows a plausible mechanism for the formation of 
triply-bridged complexes 2a—c starting from CpFe(CO)2Me. 
This mechanism is essentially identical with what we have 
already reported for the photoreaction of CpFe(CO)2SiMe3 with 
primary silanes,9a,c except the existence of the last decarbony-

lation process (step v). The existence of step v has been 
confirmed by the photolysis of isolated 4b,c (vide infra), which 
rapidly afforded 2b,c, respectively, almost quantitatively. 

The photoreaction of CpFe(CO)2SiMe3 with la—c also 
produces mononuclear complexes 3a—c first, but we found by 
the separate experiment that the oxidative addition of 3a—c to 
the second CpFe(CO)SiMe3 (corresponding to step iv) does not 
occur, probably because the bulky Me3Si group prevents the 
access of sterically crowded 3a—c to the unsaturated iron 
center.12 The formation of 2a from the photoreaction of 
CpFe(CO)2SiMe3 with la can be explained by considering the 
reaction of the intermediate 3a with sterically noncongested 
species such as CpFe(CO)H. In fact, CpFe(CO)2H, the precur
sor of CpFe(CO)H, is formed on irradiation of 3a in CeDg, which 
can be observed by 1H NMR spectroscopy. 

The reactivity and stability of 2a—c obviously depend on the 
bulkiness of the substituents on the silicon atom. Thus, less 
sterically crowded 2b,c slowly reacted with CO in toluene at 
room temperature to given trans-4b,c in high yields, whereas 
the most crowded 2a remained intact even under pressurized 
CO. Similarly, crystalline 2a was stable in air for weeks, but 
2c decomposed in air within a few days. The molecular 
structure of 2a clearly shows that the bulky ortho alkyl groups 
on the R substituents protect both sides of the SiFe2 three-
membered ring from chemical attack and also make the structure 
of 2a thermodynamically more favorable than that of carbonyl-
substituted 4a by the large steric repulsion against Cp rings. 
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(12) The formation of CpFe(CO)(SiMe3)2H can be reasonably explained 

by the reaction of CpFe(C0)SiMe3 with sterically less crowded Me3SiH, 
which is generated in the course of the formation of 3a-c. 


